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ABSTRACT 18 
Background: Lateral meniscus (LM) posterior root tears (PRT) are often associated with anterior 19 
cruciate ligament (ACL) injury and can result in rotational instability, joint overloading, and 20 
degenerative changes in the knee. Improved rotational stability and kinematics have been 21 
reported after LMPRT repair. However, it is unclear which repair technique can achieve the 22 
greatest reduction in lateral meniscus extrusion (LME). 23 
Hypothesis: We hypothesized that transtibial pullout repair would decrease LME to a greater 24 
extent than other repair techniques. 25 
Patients and Methods: Seventeen patients with ACL injury but complete LM posterior root were 26 
evaluated. Nine underwent ACL reconstruction (ACLR) and transtibial pullout repair, and eight 27 
underwent ACLR and other repairs such as inside-out suturing. Double-bundle ACLR was 28 
performed using hamstring tendons, and LMPRT pullout was performed through the bone tunnel 29 
for the PL bundle. Magnetic resonance imaging was performed immediately preoperatively and 30 
at >6 months postoperatively, and LME was measured from coronal images only. 31 
Results: A significant decrease in the size of LME from pre- to postoperative measurement was 32 
observed in the transtibial pullout repair group (−0.5 ± 0.7 mm) than the other-repair group (1.0 33 
± 0.9 mm, P < 0.01). Pre- and postoperative LME measurements were not significantly different 34 
between the two groups. 35 
Discussion: The most important finding of this study is that transtibial pullout repair results in 36 
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a greater decrease in LME than other repair techniques in patients with ACL injury and LMPRT. 37 
This technique might be useful for restoring hoop tension by decreasing LME. 38 
 39 
Level of evidence: III comparative retrospective study. 40 
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1. Introduction 54 
 55 
Lateral meniscus (LM) posterior root tear (PRT) is often associated with anterior cruciate 56 
ligament (ACL) tear (occurring in 7%–12% of cases). Among patients with ACL injuries, male sex 57 
and a contact injury mechanism are commonly indicated as risk factors for LMPRT [1].  58 
It has been reported that there is no difference between the peak tibiofemoral contact pressure 59 
after total lateral meniscectomy and that after LMPRT because of the loss of meniscal 60 
circumferential hoop stress [2-4]. In a human cadaveric study, LMPRT resulted in a significant 61 
(49%) increase in peak contact pressure between the femoral condyle and tibial plateau, and a 62 
significant (33%) decrease in the maximum contact area between them [3]. These changes result 63 
in lateral meniscus extrusion (LME), rotational instability, joint overloading, and degenerative 64 
changes in the knee [5]. The substantial alterations in the contact area and pressure at the lateral 65 
knee compartment that are generated by LMPRT for flexion angles between full extension and 66 
90˚ [4] also destabilize the ACL-deficient knee, thus supporting the concept that the LM is a 67 
secondary stabilizer of the knee during pivot-shift loading [6]. 68 
Lateral meniscus PRT repair has been suggested to play an important role in preventing knee 69 
osteoarthritis after ACLR. A transtibial pullout suture repair of LMPRT can restore the 70 
tibiofemoral loading profile to the intact state, and repair of acute LMPRT at the time of ACLR 71 
has been recommended in several studies [6-8]. However; to the best of our knowledge, only few 72 
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previous studies have reported the optimal technique (for example, the inside-out, all-inside, or 73 
transtibial pullout technique) for reducing LME [9].  74 
We hypothesized that transtibial pullout repair decreases LME to a greater extent than other 75 
repairs. The aim of this study was to investigate preoperative and postoperative LME using 76 
magnetic resonance imaging (MRI), and evaluate the differences between patients with ACL 77 
injury and LMPRT who underwent inside-out or all-inside repair and those who underwent 78 
transtibial pullout repair.  79 
 80 
 81 
2. Patients and methods 82 
 83 
2.1. Patients 84 
This study and all the protocols were approved by our Institutional Review Board, and patients 85 
provided written informed consent. We retrospectively collected data from medical records of all 86 
patients who were surgically treated for ACL tears at our hospital from April 2007 to September 87 
2018. Two reviewers independently extracted data of tear morphology and location through 88 
retrospective review of operative reports and arthroscopic videos. Fifty-four knees that had 89 
LMPRTs with concomitant ACL injuries were identified. Patients were divided into two groups; 90 
namely, partial (type 1) or complete (types 2–5) LMPRT, graded according to the meniscal root 91 
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tear classification system by arthroscopic examination at the time of ACLR [10]. Exclusion 92 
criteria were partial LMPRT, history of LM injury, previous knee surgery, or missing MRI data. 93 
We extracted other demographic data including age, sex, body mass index (BMI), posterior root 94 
type, anterior tibial translation (measured using a knee arthrometer [KS Measure KSM-100; 95 
SIGMAX, Tokyo, Japan]), operation time, duration from injury to surgery/from surgery to 96 
postoperative MRI examination, and pre-/postoperative International Knee Documentation 97 
Committee (IKDC) score for each patient as well as femorotibial angle and Kellgren Lawrence-98 
grade (determined from plain radiographs) as previously described [11].  99 
 100 
2.2. Methods 101 
Repair of LMPRT was performed at the same time as ACLR by arthroscopy using the hamstring 102 
tendon. The transtibial pullout technique was performed via bone tunnel for the posterolateral 103 
(PL) bundle in patients who presented with LMPRT between 2015 and 2018 (these were 104 
categorized into group T). Other techniques such as the inside-out (n = 4) or all-inside technique 105 
(n = 4) were performed for LMPRT from 2007 to 2014 (these cases were categorized into group 106 
O). Horizontal mattress or tie-grip-like suturing was performed in group O. The suture for LM 107 
was pulled out before the ACL graft was passed through the tibial bone tunnel. Tibial fixation 108 
was performed using a double-spike plate and screws (Meira, Aichi, Japan) with the knee flexed 109 
at 20°, 30-N initial tension for the anteromedial bundle, 20-N for the PL bundle, and LM pullout 110 
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sutures.  111 
 112 
2.3.  Assessment methods 113 
We recorded MR images immediately preoperatively and at >6 months postoperatively using an 114 
Achieva 1.5 T scanner (Philips, Amsterdam, The Netherlands) or EXCELART VantageTM 115 
powered by Atlas 1.5 T with an integrated coil (Toshiba Medical Systems, Tochigi, Japan). 116 
Standard sequences of the Achieva included sagittal (repetition time [TR]/echo time [TE], 601/14) 117 
and coronal (TR/TE, 553/14) T2-weighted multi-echo with a 30˚ flip angle. Standard sequences of 118 
the Vantage included sagittal and coronal proton spin-echo (TR/TE, 2300/18) with a 90˚ flip angle. 119 
The slice thickness was 3 mm with a 0.6-mm gap. The field of view was 18 cm with an acquisition 120 
matrix size of 512 × 358. 121 
The size of LME was measured as the distance from the lateral edge of the tibial-plateau 122 
cartilage to the outer border of the LM (Fig 1, 2) using the digital caliper function of a picture 123 
archiving and communication system (PACS). The outcome of decrease in LME was evaluated by 124 
comparison of pre- and postoperative LME measurements. Measurements were obtained in the 125 
midcoronal plane by linking the coronal and sagittal image series, and were evaluated 126 
independently by two reviewers using the PACS. Each observer performed each measurement 127 
twice, at least 2 weeks apart. The mean value of each observer’s measurements was used for 128 
analysis. 129 
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2.4. Statistical analysis 130 
Categorical data are presented as number; continuous data are presented as mean ± standard 131 
deviation. Statistical analysis was performed using EZR software (Saitama Medical Center Jichi 132 
Medical University, Tochigi, Japan). The Mann-Whitney U-test was performed to compare values 133 
between groups O and T and Wilcoxon signed-rank test performed to compare preoperative and 134 
postoperative values. Statistical significance was set as P < 0.05. Inter- and intra-observer 135 
reliabilities were assessed by calculating intra-class correlation coefficients (ICCs). 136 
 137 
3. Results 138 
 139 
3.1. Demographic data and clinical outcomes 140 
From April 2007 to July 2017, 247 operated ACL ruptures were identified in a total of 247 141 
patients (138 males, 109 females; mean age, 26 years [range, 13–54 years]) from a single center. 142 
We identified 54 patients who had LMPRT with ACL injuries via arthroscopy, representing 21.9% 143 
of all ACLRs within the study period. Of these 54, 35 patients were classified as having partial 144 
tears and were excluded; two patients were excluded due to missing MRI data. Finally, 17 145 
LMPRTs in 17 patients (seven male and ten female) were included for analysis in the study. Eight 146 
knees (in four male and four female patients) were included in group O, and nine knees (in three 147 
male and six female patients) in group T. No patient from either group presented with a complex 148 
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LM tear, and none of the 17 enrolled patients were lost during >6 months follow-up. Patients 149 
exhibited a negative pivot shift preoperatively, which became negative after surgery in all cases. 150 
No complications were observed in either group. The relevant clinical characteristics of patients 151 
in each group are reported in Table 1. 152 
 Preoperative anterior tibial translation (ATT) was found to be 5.8 ± 2.6 mm (95% confidence 153 
interval [CI]: 3.63–7.97) in group O and 6.3 ± 2.9 mm (95% CI: 4.07–8.53) in group T. 154 
Postoperative ATT values were 0.4 ± 0.5 mm (95% CI: −0.02–0.82) in group O and 0.5 ± 0.6 mm 155 
(95% CI: 0.04–0.96) in group T. The improvement in ATT after surgery was statistically 156 
significant for both groups (P < 0.01), while no significant differences were observed between the 157 
two groups (P > 0.05). The preoperative IKDC scores were 63.3 ± 18.3 (95% CI: 48.0–78.6) for 158 
group O and 61.7 ± 18.4 (95% CI: 47.6–75.8) for group T. Postoperative IKDC score were 73.0 ± 159 
17.7 (95% CI: 58.2–87.8) for group O and 70.7 ± 16.8 (95% CI: 0.23–1.79) for group T. The 160 
difference between pre- and postoperative IKDC score was not significant for either group, nor 161 
was the difference or between pre- and postoperative IKDC scores of each group (P > 0.05). 162 
 163 
3.2. Lateral meniscus extrusion on magnetic resonance imaging 164 
A significant decrease in LME was observed after surgery compared with preoperative values in 165 
group T than in group O (−0.5 ± 0.7 [95% CI: −1.1–0.01] mm vs. 1.0 ± 0.9 [95% CI: 0.23–1.79] mm, 166 
respectively; P < 0.01, power = 0.81). No significant differences in pre- or postoperative LME were 167 
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detected between the groups (Fig. 3). For LME measurements, the ICCs for intra- and inter-168 
observer reliability were 0.89 and 0.91, respectively. 169 
 170 
4. Discussion 171 
 172 
The main result of our study is the finding that transtibial pullout repair results in significant 173 
decrease in LME than other repair techniques in patients presenting with ACL injury and 174 
LMPRT. Our hypothesis is confirmed. We believe that transtibial pullout repair of LMPRT is an 175 
appropriate approach for ACL-injury-associated LMPRT. 176 
 Knee kinematics are altered after ACLR when meniscal injury, including LMPRT, is present 177 
[12]. In addition to male sex and contact injury mechanism [1], varus tibial alignment, increased 178 
tibial slope, and high BMI have been reported to be correlated with ACL tear with associated 179 
LMPRT [13]. It has also been reported that LMPRT further reduces the stability of an ACL-180 
deficient knee during rotational loading, and non-operative treatment of LMPRT is associated 181 
with poor contact pressure and area, as well as worsening arthritis compared with native or 182 
repaired knees [5-7]. Favorable clinical outcomes in terms of stability and kinematics have been 183 
reported after repair of LMPRT in ACL-deficient knees, and LMPRT repair is generally 184 
recommended to prevent subsequent cartilage degeneration [8]. However, good results of LMPRT 185 
have also been reported from a study where PRT type was not considered [14]. The present study 186 
Transtibial pullout repair of LMPRT combined with ACLR reduces LM extrusion 
is, to the best of our knowledge, the first to assess the utility of different types of repair technique 187 
in terms of LME reduction. 188 
 Reduction of lateral meniscus posterior extrusion (PE) following LMPRT associated with ACL 189 
injury has been reported using the all-inside suture technique, whereas no significant reduction 190 
in medial meniscus extrusion was achieved following surgery [9]. Our results from group O 191 
support the results of the previous study. However, in group T, we observed a significant decrease 192 
in LME through use of the transtibial pullout technique. In the study cited above, LME occurred 193 
after LMPRT because the LM is stabilized by the meniscofemoral ligament (MFL) [9], which is 194 
observed in a high percentage of knees (81–100%), and the MFL alone was insufficient to stabilize 195 
the LM [15-18]. The MFL assists the LM in transmitting a certain amount of stress in order to 196 
prevent excessive LME under axial load in the case of an LMPRT in the lateral compartment 197 
[19-21]. Therefore, complete LMPRT and/or absence or injury of the MFL can contribute to 198 
further LME progression [11]. In our study, we detected intact MFLs in 10 of the 17 knees with 199 
complete LMPRT (59%) by examining preoperative MR images.  200 
 We have previously demonstrated by MRI that the preoperative positions of the medial 201 
meniscus and LM can be altered by ACLR [22-23]. Several authors have reported that ACLR 202 
itself can restore native biomechanics of the knee including tibiofemoral contact area and 203 
meniscal shift [24-26]. Therefore, we considered that pathological LME may be influenced by 204 
complete LMPRT and ACL deficiency. Because the LM contributes to stabilizing the knee during 205 
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pivot-shift loading, LM root repair can restore tibial rotation in ACL-deficient knees [8].  206 
 Forkel et al. reported the utility of the transtibial pullout technique via bone tunnel for the PL 207 
bundle in patients with ACL-injury-associated LMPRT [27]. A cadaveric study revealed that 208 
improvements in femorotibial contact pressure are equivalent whether LMPRT pullout repair is 209 
performed via bone tunnel for the ACL bundle or bone tunnel on the LM posterior root 210 
attachment [7]. Furthermore, from an anatomic study, the LM posterior root attachment has 211 
been shown to be located adjacent to the posterior margin of the ACL [28]. We believe that 212 
LMPRT pullout repair using bone tunnel for the PL bundle is minimally invasive because no 213 
additional bone creation is needed, and the technique enables reduction of LME and restoration 214 
of femorotibial contact pressure in the lateral compartment. 215 
This study has several limitations which should be acknowledged; specifically, the 216 
retrospective design, relatively small number of patients, and short-term follow-up. Furthermore, 217 
we were unable to compare biomechanical properties between the two groups because we did not 218 
perform biomechanical experiments. However, our longitudinal analysis of pre- and 219 
postoperative LME indicates statistical significance. Finally, we could not evaluate LME using a 220 
matched cohort to assess the influence of MFL status, although there was no evidence of MFL 221 
injury from the arthroscopic videos of patients with MFLs. No significant differences in clinical 222 
scores were observed, possibly because strenuous sports activities were not allowed for 6 months 223 
postoperatively. Further investigations involving long-term follow-up and evaluation of LME via 224 
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sagittal imaging, tibial rotation, and second-look arthroscopy are required to clarify the effect of 225 
MFL status on post-traumatic LME.  226 
 227 
5. Conclusions 228 
Transtibial pullout repair is more effective for reducing LME than other approaches for patients 229 
with ACL injury and LMPRT. This technique might be useful for restoring hoop tension by 230 
decreasing LME and preventing cartilage degeneration in the lateral compartment of the knee. 231 
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Tables 328 
Table 1. Demographic and clinical characteristics of the study population 329 
 Group O Group T P value 
Number of patients  8 9 N/A 
Age (years)  27.0 ± 5.8 [22.1–31.8] 30.1 ± 11.8 [21.0–39.2] >0.05 
Height (m) 1.67 ± 0.1 [1.59–1.75] 1.63 ± 0.1 [1.55–1.71] >0.05 
BMI (kg/m2) 23.4 ± 3.9 [20.1–26.7] 27.2 ± 4.9 [23.4–31.0] >0.05 
Root tear classification 
(type 2/3/4) 
2/1/5 3/1/5 N/A 
Kellgren-Lawrence 
(grade 0/I/II) 
7/0/1 8/1/0 N/A 
Femorotibial angle (°) 177 ± 1.6 [176–178] 177 ± 1.4 [176–178] >0.05 
Operation time (min) 173 ± 24 [152–193] 184 ± 23 [166–202] >0.05 
Duration from injury to 
surgery (week) 
13.3 ± 15.3 [0.51–26.1] 15.6 ± 23.9 [-2.8–34.0] >0.05 
Duration from surgery 
to MRI (week) 
39.8 ± 14.6 [27.6–52.0] 39.6 ± 12.8 [29.8–49.4] >0.05 
Definitions: Group O, other-repair group; Group T, transtibial pullout group; BMI, body mass 330 
index; ATT, anterior tibial translation. 331 
Categorical data are presented as number; continuous data are presented as mean ± standard 332 
deviation [95% confidence interval].333 
 
 
Figure legends 334 
 335 
Fig 1. Representative findings of a left knee treated with inside-out repair of the lateral meniscus 336 
(LM). White lines: lateral edge of the tibial plateau cartilage. White dotted lines: outer border of 337 
the LM. White arrow: length of lateral meniscus extrusion (LME). 338 
(A) Preoperative magnetic resonance image (MRI) showing LME (2.1 mm). 339 
(B) Intraoperative arthroscopic findings showing the LM repaired using the inside-out technique. 340 
(C) Postoperative MRI showing LME (3.6 mm) and degeneration. 341 
Abbreviations: LFC, lateral femoral condyle; LTP, lateral tibial plateau; LM, lateral meniscus. 342 
 343 
Fig 2. Representative findings of a left knee treated with transtibial pullout repair of the lateral 344 
meniscus (LM). White lines: the lateral edge of the tibial plateau cartilage. White dotted lines: 345 
the outer border of the LM. White arrow: length of lateral meniscus extrusion (LME). 346 
(A) Preoperative magnetic resonance image (MRI) showing LME (2.8 mm). 347 
(B) Intraoperative arthroscopic findings showing the LM repaired with the transtibial pullout 348 
technique. 349 
(C) Postoperative MRI showing LME (0.6 mm) with no evidence of degeneration. 350 




Fig 3. Comparison of lateral meniscus extrusion between groups O and T.  353 
(A) No significant difference in preoperative LME was observed between group O (1.6 ± 0.9 [95% 354 
confidence interval {CI}: 0.85–2.35] mm) and T (2.1 ± 1.1 [95% CI: 1.25–2.95] mm) (P = 0.34). 355 
(B) No significant difference in postoperative LME was observed between group O (2.6 ± 1.0 [95% 356 
CI: 1.76 – 3.44] mm) and T (1.5 ± 1.1 [95% CI: 0.65–2.35] mm) (P = 0.10). 357 
(C) The difference in pre- and postoperative LME measurements was significantly smaller in 358 
group T (−0.5 ± 0.7 [95% CI: −1.1–0.01] mm) than in group O (1.0 ± 0.9 [95% CI: 0.23–1.79] mm). 359 
*P < 0.01. Abbreviations: LM, lateral meniscus. Error bars show standard deviation. 360 
